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A, INTRODUCTIOILT

1, Identification of the Problem Area

The function of a school is the preparation of students
for a particular behavioral activity which is expected to be
implemented during a time period after the school function is ,
terminated, Schools provide structured or formalized environ-
ments to communicate efficiently and are normally believed to
be the most effective instruments for human learning and reten-
tion, Schools represent a practical snlution to instruction
by providing for the concentration of expert communicators in
a physical facility designed specifically for human learning.

This project deals with one subset of schools: the
secondary school, The secondary school is an instituticn which
operates as a day or residential school providing education up
to and including grade 12, such education being determined by
State law (1), A common synonym for secondary school is high

L school and it is understood that a high school includes instruce
tion up to and including grade 12 (2),

The function, then, of a secondary school is the prep-
aration of gtudents for those behavioral activities which are
expected to be implemented after completion of grade 12, corres-
ponding to 18 years of age, approximately,

The project as originally conceived was concerned with
those secondary schools which were &ssentially vocational high
schools or technical high schools, These schools are 'specialized"
or used "exclusively or principally' for occupational prepara-
tion (2), However, during the study it was noted that non-
specialized secondary schools were introducing occupational
courses into their traditional academic curriculums at an in-
creasing rate, Such a school is termed “comprehensive' in that
it has, ",,,as its broadest objective the teaching of all varie«
ties of skill, all kinds of knowledge to all kinds of youth
bent upon living socially profitable lives! (3),

The occupational phase in a comprehensive secondary
gchool may differ in one or more characteristics from the occu-
pational curriculum of a "specialized" high school, If there
are any disparities insofar as this project is concerned, then
the feasibility of developing a model, or the modet itself,
might veveal such differences, For this reason, the study was
not rigorously limited to specialized secondary schools, Tt




encompassed secondary schools where occupational curriculums
were in use and where occupational teachers were at work,

2., Identification of the Problem

a, General., The function of a secondary school has
been described generally as the preparation of students for real-
life, at least that part which begins as the 12th grade ends, For
those unfortunate individuals who do not reach the end of grade
12, then the secondary school also functions to provide prep-
aration for real-life which may begin at any point in time be&-
tween the 10th and 12th grades, ages 16-18 years, approximately,
Also, the secondary school provides preparation for the "here-
and-now" during the 10-12 grades, as well as preparation for
post-graduation., In this project, concentration is placed on
techniques which would Le independent of these considerations,

The crux of the matter is that the secondary school
must be as dynamic as the real-life situation in which it is
embedded and of which it is a subsystem. A greatly simplified
cybernetic model of a K~12 school, coupled through its output
product [1,0] to several major real-life subsystems, is shown
in Figure 1 (4), )

Students [1,0] completa the 12th grade and enter one
or more of these real-life gituations:

Military service

Job ..
Degree-g@irected activities
Leisure Time activities
Continuing-education

Those unemployed or homemakers would constitute a
subset of [3,0],

The dynamicism of this school is determined not by
internal energy but by the inputting of energy from outside
the school, Signal paths symbolizing this energy leave [2.0],
(3.0], and [4,0], enter [8,0], leave [8,0] and enter [1,0] and
[21.,0]. This is an idealized model in which the signal paths
constitute feedback energy. The system is closed and, under
ideal conditions, should be in equilibrium, Changes in [2.0],
3,01, and [4,0] cause changes in [8,0]; this produces changs
directly ia [1,0] and change indirectly in [1,0] through the
path: [21,01-010.01-09,01-[1,0]." A school must modify its
curriculum as needs in real-life vary if the system is to
achieve and maintain equilibrium,
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b, Feedback and Real-time., Assuming a secondary
school has an occupational curriculum, then changes in a
specific occupation [3.0] in the real-life situation should
be anticipated by the school, Some occupations will tend to
change more quickly than others, so the school will have to
gsensitize itself to those which are more dynamic, In terms
of the model in Figure 1, the feedback signal path [3,0]-
[8.,01-[21,01-[10,01-[9.0], or an equivalent signal path,
should not only exist but it should operate in nearly ''real-
time." The concept of "real-time' for this system may be ex-
pressed as: ",,.a method of processing data so fast that there's ]
virtually no passage of time between inquiry and result..." (5).
In years past, this has been referred to by educators as a
"time lag.!" Quite often, this concept is stated in such
eloquent terms that the key message does not get across to
the average reader even though it is critically important:
"The national interest in education also requires that there
be continuous testing of the ends and means of education
both to throw light on which are sound and effective and which
are not, and to indicate new 'leads' on what to teach and how'(6),
This narrative statement translated into systems terms would
mean a closed-loop system with feedback signal paths such as |
those depicted in Figure 1, 4
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If "real-time'" means instantaneous action, then what
is '"mnearly" real-time? Certainly it would not be a 40-year
per cycle response time! This report will consider various i
feedback parameters as one aspect of the study. 1

c. Implications for Newly Instituted Occupational
Curriculum, Another facet of the problem deals with a sudden
decision by schools with college-preparatory eurricilums to
add occupational programs,..to occupationalize part of its
offerings.,.to become comprehensive in fact if not in name,
Suddenness in the occupational field may produce instruction
which is only as up=-to-date as the experience of the instruc-
tors, Unless there is the built-in element of continuoucness,
of a closed loop system, this instructional experience will
tend to age and grow old in the onrush of new methods, new
materials and new procedures, Schools which have not offered
occupational preparation are under increasing pressure to
create and integrate such courses, This should be accomplished
in a manner which would produce feedback continuously and not
merely satisfy an immediate objective resulting from demands
for a program,

T N ——

T

d. Curriculum Change in Occupational Instruction,

There are a number of methods, now traditional, by which occu- ]
pational course content is changed. In most instances, the




change consists of identifying Obsolete content, removing it and
substituting new material, These changes are of a moderately
small magnitude, per course, ranging between the teaching point
level and the lesson level in the hierarchy of levels shown in
Figure 2 (7,8), Changes at these levels are micro adjustments,

T

PROGRAM

¥

COURSE

' 3

> MACRO LEVEL

Y

Y

SUB-UNIT

v

Y

LESSON >MI CRO LEVEL

Y

TEACHING POINT

Y

STEP

¥ <

STATEMENT: LABEL + OPCODE + TEXT FIELD

j APPLIES ONLY

TO COMPUTER-
CHARACTER (ASCII) ? ASSTSTED

+ INSTRUCTION

BIT/SEC (BAUD)




In an increasing number of cases, the magnitude of a
change is great involving the course and even the program levels,
Mere substitutions of new subject-matter for old is insufficient.
Entire courtes may be eliminated and completely new courses i}
instituted, In some instances, a whole occupational field may !
be dropped from a school's offerings or a whole new program
synthesized, Changes at these levels are macro modifications (9). 3

What motivates an occupational teacher to change a
teaching point, a lesson or even a unit of instruction? What
is the logical basis for his eliminating certain content and
introducing new content? How does he become aware that a par-
ticular element of his instruction has become obsolescent? On
what grounds does he conclude that a particular new method,
process or material should be inserted into his lesson plan?
What sources of occupational data does he use; how does he |
judge the reliability of these sources? Does he function at
the macro or micro levels and to what extent?

A nearly identical set of questions might be asked
when a school executive makes a decision to:

(1) eliminate an existing course or an entire group of courses
(2) introduce a new course Cr new program
(3) make no change in the occupational offerings

Assuming that no order to change the status quo has
been handed down from a higher authority, what forces produce
an administratively initiated curriculum modification?

This project explores the origins of course content
and traces the flow of this information from a source to the
student through the mediation of an occupational teacher.
Teachers tend to make changes at micro levels while school
executives operate at macro levels; this study is concerned
with the teacher and changes instituted hy him,

3., Objectives of the Project

This is a feasibility study and, as is common in such
efforts, attempts to determine whether a theoretical concept has
sufficient merit to be advanced to an operating stage., It is
conceptual in that it is formulated from experience and is an
extension of man's knowledge into a new and previously undeveloped
field without actually conducting major experiments or field
demonstrations, It may, however, require pilot exercises or




some similar means of assuring that the theoretical model shows
promise,

The study calls for synthesizing a model from the exper-
ience of the investigator and from the multiudinous experience
and attitutes of those individuals listed in ACKNOWLEDGMENTS and
their colleagues,

The objectives are to:
(a) identify elements which exist outside the secondary school
subsystem from which information flows through a feedback
signal path into the school subsystem

(b) select from the elements those which are believed to have
a measurable influence upon the curriculum

(c) categorize, relate and combine or restructure these elements
into meaningful relationships thereby creating a model

(d) analyze the restructured model

(e) evaluate the restructured model

(£) synthesize a new model based of the evaluation by combining
previously unknown or unidentified elements and their feed-

back signal paths

(g) evaluate the new model to determine if it has merit and
is worthy of further investigation

(h) publish the evaluation along with implications and
recommendations

4, ©System Conceptualizations in Education, 1914-1964

Relationships between elements can be established and
verified., When two or more elements are shown to have a relation-
ship, they may be referred to as a gystem, A gystem is the struc-
ture or organization of a orderly whole, clearly showing the enter-
relations of the parts to each other and to the whole itlelf,

An instructional system is the structure or organization of an
orderly whole, which deals with instruction, clearly showing the
interrelations of the parts to each other and to the whole itself (4).

While many practitioners in education espouse the
"systems approach™ and "systems analysis' cause, a literature




search reveals that there is little agreenent regarding definitions,

concepts and applications in actual school environments, The

Project Director conducted an investigation into historical develop-

ments which led to what has become known as the "systems approach!

to education (10)., Prepared at the University of Southern California
uider U.S, Office of Education sponsorship, the final project report

consists of two subparts: a view of education as a system; system

in retrospect,

a., A View of Education as a System. In viewing education
as a system, the fundamental concepus of system, analysis and syn-
thesis are examined. The term systems approach is described as
"the application of analysis and synthesis to a system, The iter-
ative, high-speed mental process of analysis...synthesis,..analysis...
synthesis,,.analysis,,.synthesis,,.may be termed anasynthesis and
this is, in fact, the real meaning of 'systems approach,'!

Bloom's definition of analysis (1956) is contrasted
with the 1806 statement by Herbart and Silvern's further identi-
fication of analysis (1956) as a process consisting of four steps:
identify, relate, separate, limit,

Bloom in 1956 described syathesis in virtually the same
terms as did Herbart in 1806, while Silvern (1956) stated further that
it was a process of four discrete steps: identify, relate, combine,
limit,

Because of this remarkable coincidence which correlated
qualitative viewpoints spanning a 150-year period, the project
made a more detailed search of the literature of the early 1800's (10).
Relationships in opinions expressed by Hegel and Leibnitz were re-
vealed to have had a marked influence upon Herbart which, in turn,
influenced Fechner, Herbart apparently was the first to develop
a mathematical model of human performance,,.in 1816, he published
a differential equation with its integrated form.

There follows an effort in the project report (10), to
trace Herbart's "Formal Steps!" which were complex abstractions
through the contributions of his student, Ziller (1862-1874), in
which clearness (Herbart) consisted of analysis and synthesis
(Ziller), Rein, about 1885, further expanded analysis to include
""presentation,.'" In this manner, Herbart's 4 steps were expanded
to 5,

DeGarmo and Mcliurry studied under Rein in Jena and imported
these concepts into the United States (1889, 1892), Charters (1909)
adopted the 5 steps and the Herbartian lesson plan, and in 1923,
published the famous "Curriculum Construction! which deals with
such modern day matters as analysis and job analysis, He acknowledges




the contributions of Allen (1919) and Strong (1921) in this area
and compares curriculum development with engineering development.
But it was Allen and Allen alone who took the 5 steps, reduced
them down again to &: preparation, presentation, application,
testing (inspection), and implemented them in the field of vocational
education. '

. Tn evaluating Allen's contribution, the project report
ﬁ states that "...lt translated thne original thinking of Herbart,
devoid of mysticism and shadowy concepts, and of DeGarmo and McMurry
devoid of educationism into rational and immediately applicable
techniques at the tlarge system' level, Where Charters had failed
to escalate upwards his conceptualization, Allen has succeeded..." (10).

In 1929, in nEfficiency in Education," Wright and Allen
suggested that this analytic technique in vocational education be
applied to general education (11). There was no measurable response
to the appeal.

By 1942, it was meaningful to say, as did Kellexr: "'The
sharpest criticism of the traditional school has been directed
againat its lack of a sense of reality. 1ts cloistered teachers,
without experience in the world of work, transmit to theix pupils
only what they themselves have learned from other teachers who
had no contact with life, and so on a8 far back as you care to g0.
Essentially, this has been a just criticism,..the vocational school
never got into the circle because it was predicated upon life

itself..." (10).

Tn an aside, the project report observes that the texm
Npeal-life" was used by Woods in the same issue of the Natioral
Society for the Study of Education Yearbook in which Keller's
statement appeared. This term, real-life, is a rec nt adoption
by sys tems engineering proponents and generally means: the structure
and behavior of existing entities which may be objects, actions
or information functioning separately or in combination, In
education, it means all of those subsystems or systems outside
a particular achool or school district.

The project report refers to the teaming of effort by
Allen and Cushman in the 1920's to apply these theoretical con-
cepts to operating OX real-life situations and the teaming of
Allen and Richards in the 1910's to produce & mathematical model,
of learning efficiency. Reference is make of Cushman's contxi~-
bution to the civilian employee training programs of the Navy
and Axrmy prior to and during World War IL. Schaefer's application
in 1941 of both job analysis and Allen's version of Herbart's
formal steps to safety supervision is il1lustrative of the diversity
of implementation. The "Training Within Tndustry" program of the




War Manpower Commission beginning 1940 again emphasizes the Allen-
Cushman influence on those who initiated the effort: Gardner, Dooley,
Dietz, Kane and Conover,

By the end of World War II, it was clear that analysis,
job analysis and the "formal steps' had not only survived but were
well embedded in vocational education and in business and industrial
training. Silvern's linear flowcharting of "The Allen Plan'' was
published in 1943, 1946, and 1948 (10). The "formal steps'" inte-
grated into a lesson plan format appeared in an American Soci-ty
for Engineering Education text by Morris (1950)., A modified wver-
sion appeared in 1952 in a New York State Education Department guide
by Emerson. In 1961, Silvius and Bohn allocated an entire chapter,
"dentify Content Through Instructional Analysis'' to the methods
of job analysis created by Allen, circa 1919,

Appearing in the closing paragraphs of that section of
the project report is a summary:

1",,. It has been established that there is a direct relation-
ship with the present from the past in which analysis and
synthesis were conceived by Herbart about 1800 and gradually
evolved into job analysis and the four-step or "Formal Steps!
method, From its inception, this movement dealt with the
'real=-life! environment to which the learner must transfer
what has been learned. It has been founded on a detailed
analysis of real-life itself,..,it should be apparent that
Charters, while deeply influenced by the Herbartians and
Allen, was unable to make headway in general education as
Allen had done in vocational education,..! (10),

The following section of the project report describes
developments subsequent to World War II and terminating in 1964,
An effort is made to define the term ''system,' and upwards of 15
definitions by distinguished practitioners from many disciplies
are presented, The design philosophy of the project report is
stated thusly:

",..To some, gsystem connotes hardware or physical objectss
to others, it infers or means software or non-physical
concepts., This paper will attempt to steer a course
directly to the fields of education and training within
the set known a2s human performance, It will examine
applications and views in physical systems as the base

of experience, However, it will concentrate on non=-
physical systems within which one or more subsystems may
be physical or thardware.' ' (10)

Reference is made to models and simulation as ground=
work for the detailed examination of system conceptualizations,

10




Such commonplace idiomatics as artist model and model prisoner are
compared with tralnlng model, mathematical model, and flowchart
model, Simulation is treated briefly to dlfferentlate the process
from the device: "simulator." The application of flowcharts is
traced from radio circuit applications, circa 1915, to 1929 and
beyond, The gross task "handling busineas orders" in a flowchart
format published in 1914 is described and an early industrial
engineering utilization of this concept is delineated., These

lead to the beginnings of gsynthesis in the period 1926-1935 and
the development of feedback amplifiers 19321945, Names such

as Nyquist, Black, Bode, Brown and Hall in the field of electronics
and automatic control stand out in the early days as do Wiener,
Shannon, and Blackman during World War II.

The functional flowchart model as a qualitative represen=
tative is contrasted with several mathematical models which accur-
rately quantify the qualitative depiction, A 1952 functional flow-

A chart model incorporating branching by G.M, Silvern in the field
of cryptanalysis is discussed as an introduction to "The New Look.'

Turning to the behavioral sciences, the project reviews
the observations in 1951 of Wolfle:

",.s8election of what to teach obviously depends upon what
the learners are to do with the skill or knowledge acquired,..
job analysés have frequently been made to obtain exact de=
scriptions of the duties to be performed and the skills to

be acquired,..,training is likely to get out of date unless
constant effort is made to modify the training course to
correspond with changes in the job.,.a different kind of

job analysis, one that describes the task in terms of its
psychological components instead in terms of its work units
could frequently contribute,,.'" (10),

Wolfle continues with a discussion of criteria for training
success:

"...two general types of criteria may be used-~a criterion
internal to the training or one external to it, An internal
criterion is one that measures improvement or changes within
the course itself, The examination in academic courses, the
learning scores in most 1aboratory experiments,,.are 1nterna1
L criteria, An external criterion is one that is outside the
course,..success on the job is an external criterion of
industrial training,..!" (10),

Silvern, in 1951, reduced Wolilet!s belief to its lowest

} terms in saying "Remember-~-a fire cannot be extinguished with
| a training certificate.,." (10). Later, in 1956, Silvern published
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" Textbook in Methods of Instruction' which devoted nine pages to
teaching machines or npseudo-gimulators' and egtablished criteria
which must:

", ,.provide measurable and significant differences between
actual job performance BEFORE using the device, and actual
job performance AFIER using the device" (10).

Those who identified with psychology as a science, as
differentiated from education and training, apparently were not
aware of or devalued the analytical techniques described earlier.
McGehee and Thayer (1961) and Glaser (1962) preferred to rely on
psychological research and to discard all of the practical experi-
ence in vocational education, Travers (1962) was more lenient
but equally tunnel-visioned when he said:

n,, Herbart himself was a philosopher.,.was in a much
better position to influence educational thought than he
was to influence educational practice... but his influence
on educational practice is much more difficult to
discern..." (10).

Up to this point, the project report has essentially
established an historical frame of reference. In the succeeding
section, '""A Chronology of SYSTEM Conceptualization in Education
and Training,! the report examines conceptualizations characterized
thusly:

a., mnature of the model

(1) narrative - concept is expressed in words
¢ (2) graphie - concept is expressed as Venn
. ¢

diagram, flowchart or other
graphic analog

(3) mathematical = concept is expressed using
mathematical equations or
statements

b, use of feedback to provide system stability (equilibrium)

¢, use of simulation to

(1) test model

(2) process data through model

d. use of analysis to examine existing whole
[ ]
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e. use of synthesis to create new whole

: These conceptualizations are identified and each briefly
described below:

; 1. Swain - 1954
A graphic model relating learmer to instructor, iden-
tifying performance criteria as a subsystem, and
specifying feedback as an essential ingredient,

| 2, Westley - MacLean - 1955

A series of graphic models relating information
transmitter to information receiver, specifying
feedback as a crucial concept, and suggesting the
subsystems may be a person, a group or a "social
system,"

3, Gerbner - 1956

A series of graphic models, beginning with a general
| model patterned from the Shannon model, is based
‘ upon a "'closed sequence' using feedback as in an
“ automatic control system, From these, mass communi-
y cation models revealing feedback, misperception, and
communication failures could be built,

4, Silvern - 1956

A graphic model relating a classroom unit of instruc-
tion with a laboratory unit of instruction and the
latter with integrated work experience on a job in
real-life. Feedback is shown from laboratory to
clagsroom instruction, from work experience to
laboratory instruction, and from work experience

to classroom instruction, In this manner ''the
curriculum will be continuously modified to meet
occupational needs,"

A series of mathematical models growing out of the
Richards equation of 1919 and the Keller version of
1943 were also presented, It equated the efficiency
of the training program graduate with four kinds of
course content coupled with the learner's attitudd,

These models were extended by G.M. Silvern in 1961
by including a time parameter,
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In 1960, a graphic flowchart model relating the
learner, teaching machine, and work (both mental
and/or manipulative) was publlshea. Feedback from
machine to learner was specified,

In 1961 a graphic flowchart model illustrating the
sequence and synthesis of training was published,

- It related the functions of job analysis, course
outline, lesson plans, teaching machine lesson plans
and job performance standards., Feedback is specified,

S5, Mitzel - 1957

A graphic flowchart model relating pupil variables,
pupil behaviors, teacher behaviors, pupil=-teacher
interaction, changea in pupil behavlor teacher
variables and environmental variables appeared
Feedback was specified from pupil variables to
environmental variables and from changes in pupil
behavior to pupil variables, It was used to assist
in precisely localizing srea which warranted research
activity,

6. Rothkopf - 1957

A graphic flowchart model related the students with .
a machine congisting of 8 subsystems, These sub- E
systems were not physical components but represented iy
the functions performed, A signal path from Response

Evaluation Indicator to Student was essentially feedback.,

7, Martin - Russcll - 1958 4

A graphic flowchart model related student, education
process (unlver81tv) faculty, industry, external
evaluation in 1ndustry internal evaluatlon in educa-
tion process, experiences of othexr colleges, and
comparlson/deolslon functions, It was narratlvely
described as a closed-loop system with an error-
sensing mechanism and a feedback control/loop. Also
mentioned were '"many internal feedback loops...
couplings between professors, courses, prerequisites...
detection of error signals and the effeut produced
by the feedbacl process is noxmally very slow,..
system interest, which is an intrinsic characteristic
of engineering, has been neglected,.." (10). The
authorg concluded ",..the entire question of gystemc
concepts is the next ma jor error signal in the educational ‘
servosystem, Can we overcome the slow response of the
feedback loop?,..."
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] 8. Porter - 1958

A graphic flowchart model relates the student with
hardware + software elements of a machine for language
learning., Feedback to the student from the machine
software is inferred but not specified; this was

an audio message output into earphones,

9, Runkel -~ 1958

A series of graphic flowchart models were produced
which related teacher's personal history, teacher's
choice of goal using pupil, teacher's frames of
reference, teacher's act, environment, pupil's
personal history, pupil's goals, pupil's frames of
reference, pupil's act, enviromnment (pupil). One
model delineated the teacher's act and the pupil's
act relationship in which two filters were inserted:
the teacher's frame-of-reference filter and the
pupil's frame-of-reference filter, Feedback is not
specified but may exist inferentially,

10, Weimer - 1958

A series of graphic flowchart models appeared which
related a number of students to a machine subsystem
consisting of instructional software (lesson plans),
recording and control software, and hardware with the
objective being learning, The control hardware might
be a digital computer, Feedback is specified between
learner and machine through one or more kinds of
presentation equipment,

11, National Academy of Sciences - 1959

A narrative model which was sufficiently descriptive
to allow for reader construction of a graphic flowchart
model appeared in a publication by a task force engaged
in Mapparatus of teaching." Regrettably, as in nearly
all narrative models, the key words are imbedded in
large numbers of noise words and only the experienced

4 reader can construct an accurate analog, TFeedback is

) mentioned but not specified,

12, Folley - 1959

A graphic flowchart model related stored information,
stimulus, response selection, response, criterionm,
comparison, and feedback from cemparison to xesponse
gelection, This was termed a behavior paradigm,

T ——
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Tucker - 1959

A graphic flowchart model illustrated hardware-soft-
ware relationships in the Atlas Missile System,. The
narrative accompanying the flowchart emphasized '"task
analysis'" as the key to successful functioning of the
system, The values in this presentation are in the
narrative model which is a prescription for performing
job analysis,

Melton, in summarizing, said: ",,.when the goals of
education are expressed in terms of the human functions
and tasks to be performed in a social system, I suspect
that they can be as exactly and objectively specified

as can the human functions and tasks in the Atlas

Weapon System, If this is so, then the same technical
logic will apply to education media and training media,.,!

McPherson - 1960

A paper entitled ''Let's Look at the Systems Concept
of Educational Planning," However, the "ecology'

in the paper is the environment of the school and

not the environment of the non-school, There was

no model of any kind, simply a rearrangement of well=
worn words and phrases with a liberal sprinkling of

a few systems engineering terms,

Riley and Riley - 1960

A graphic flowchart model described the interrelationships
between teacher and student, The teacher is influenced
within the school by formal school groups and primary
groups; from the community by formal educational groups
and primary groups; from outside the community by the
teaching profession, The student is influenced within
the school by formal school groups and peer groups;
from the community by family and peer groups., The
cormunity is influenced from outside by mass media,
Feecback is not shown in the flowchart model but the
acccmpanying narrative infers feedback: ",,.any slight
dist/srbance introduced into the system will have

ramj fications throughout the whole, and will be
counteracted by various reactions tending to restore
the state of equilibrium,.."

Pagk - 1960

A series of graphi!c flowchart models related the
student, a teaching machine, and instructional
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18.

19,

20,

2.,

software, Feedback from scoring device to teaching
machine permitted it to learn., Thus the teaching
machine had the capability to learn and to re=-pro-
gram itself or shape its behavior as a result of the
student's behavior, In addition, an abstraction

in the form of a mathematical model was produced,

Galanter - 1960

A series of graphic flowchart models related several
subsystems within a single learner, and showed inputs
and outputs, These were apparently the first such
models of the learner as a subsystem,

Shettel -~ Lumsdaine - 1961

A graphic flowchart model related learner variables,
programming variables, training needs and objectives,
and presentation methods, Teedback was not specified.

Buddenhagen - Wolpin - 1961

A graphic flowchart model related trainee, 6 stimuli
displays, 5 stimuli generators, controller, and computer
which was used for visual simulation in astronautical
flight training, Inputs from trainee to computer

caused stimuli generation and display-type feedback

to the trainee,

Demaree -~ 1961

A three-dimensional graphic figure was used to describe
interrelationships in TEPI, the Training Equipment
Planning Information document .used in the U,S., Air
Force, It was substandard in communicating sequential
relationships but was accompanied by several graphic
flowcharts which were superior, Feedback is not
specified but may be inferred from the models,

Stolurow = 1961

A graphic flowchart model of learner, machine, and
program appeared in a chapter entitled, "A Systems
Approach to Instruction," Another flowchart model
depicted learner-machine-program relationships at

a lower level of detail, Entitled "adaptive teaching
machine system'" it represents software capable of
adapting by learning and storing under programmed
control,
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In 1964, Stolurow published "A Taxonomy of Learning
Task Characteristics' and a graphic flowchart model
relating trainee, trainee input, trainee output, task,
feedback, and performance standards,

22, Silvius - Bohn - 1961

Two graphic flowshart models appeared in a textbook
on "Organizing Course Materials for Industrial Educa-
tion," One attempted to illustrate paths followed by
a typical student from elementary school to university.
The other attempted to graphically describe relation-
ships between philosophy of education, school philo-
sophy, general school aims, general department aims,
and specific course aims, Both failed to communicate
what was intended and the caption which stated in

. part ",.,this is an effective technique for showing
the relationships between,..'" was misleading, These
were in occupational education,

23, Air Force Dynamic Forecasting - 1961

To introduce these models, it was necessary first

‘] to review the earlier work of Forrester in the field
of industrial dynamics, In 1957, a graphic flowchart
model which he published related factory, factory
warehouse, distributors, retailers, and consumers,
Feedback was specified and Forrester accompanied these t
models with mathematical models. In 1964, he stated L
that '".,.management, economics, and much of engineering j
share common foundations in feedback system behavior
and psychology...what does technical engineering
